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Abstract 

Background: Little is known about the relationship between splenic arteriolar hyaline and cause of death. The 
purpose of this retrospective study was to evaluate the clinicopathological significance of splenic arteriolar hyaline 
in autopsy cases and estimate the applicability of hyaline for diagnosing the cause and rapidity of death. 

Methods: Archival data and histological slides from 82 cases were reviewed retrospectively. One section of each 
spleen was evaluated microscopically. The tinctorial pattern of splenic arteriolar hyaline was examined with 
Heidenhain's Azan trichrome stain, and the relationships between this pattern and age, cause of death, and rapidity 
of death were investigated. 

Results: Fifty-four cases demonstrated hyaline change, with 3 different tinctorial patterns: red, blue, and a 
combination of red and blue. The 3 patterns coexisted in various proportions in each tissue section. Frequency of 
the blue pattern increased with age (P < 0.01 ) and was unrelated to cause of death. By contrast, the red pattern 
was unrelated to age and appeared with different frequency according to cause of death. The red pattern 
appeared with significantly higher frequency in the circulatory disease group and the drowning and asphyxia 
group (both P< 0.01). Moreover, the presence of the red pattern had high specificity for the detection of rapidly 
fatal cases. The combination of the 2 colors was excluded from clinicopathological analyses due to its admixed 
nature. 

Conclusions: Estimation of splenic arteriolar hyaline with Heidenhain's Azan trichrome stain is useful for 
assessment of the cause and rapidity of death. 

Virtual slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx. 
eu/vs/1 132441651796836 

Keywords: Splenic arteriolar hyaline, Tinctorial pattern, Azan stain, Cause of death, Rapidity of death 



Background 

Hyaline arteriolosclerosis is one of the most common 
degenerative changes that occurs throughout the body 
and is found frequently in the spleen as well as the kid- 
ney [1,2]. Many investigators have described clinico- 
pathological characteristics of splenic arteriolar hyaline 
[3-8]. This change has been demonstrated to increase in 
frequency with age and result from a general process 
that is likely hemodynamic, e.g., hypertension [2,6,9-12]. 
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However, little attention has been given to the relation- 
ship between arteriolar hyaline and cause of death. 

Hyaline in an artery or arteriole appears as a pink, 
amorphous thickening with associated luminal narrowing in 
routine histologic sections with hematoxylin and eosin stain 
[2] and contains the following major components: fibrin, im- 
munoglobulin, complement, and damaged basement mem- 
branes [1,7,12-17]. Hyaline arteriosclerosis develops in 
incremental steps and demonstrates different properties at 
each stage of the hyaline aging process [11,18]. Heidenhain's 
Azan trichrome stain (Azan stain) shows tinctorial variety 
according to the properties of the different stages: fresh hya- 
line is red, and old hyaline is blue [18-21]. Although this 
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property of the Azan stain appears useful for investigating 
the pathological effects of hyaline change in a variety of dis- 
eases, few studies have been conducted using this property. 
Feigin et al. used these tinctorial properties to investigate the 
clinicopathological characteristics of the cerebral arteries in 
autopsy cases and reported that the red pattern (fresh hya- 
line) is frequently observed in cerebral hemorrhage [18]. 
However, little information is available beyond this study 
concerning the clinicopathological assessment of the tinctor- 
ial varieties of hyaline change. 

Information concerning the rapidity of death, e.g., sud- 
den death or not, provides one of the most valuable 
clues for diagnosing the cause of death in forensic aut- 
opsy. However, rapidity must be determined by informa- 
tion from witnesses in most practical cases because no 
pathological findings have been established to indicate 
sudden death per se [22-25]. Therefore, the identification 
of a common histological feature shared in cases of sud- 
den death from all causes would be helpful for patholo- 
gists in autopsy practice. The purpose of this retrospective 
study was to evaluate the clinicopathological significance 
of splenic arteriolar hyaline in autopsy cases and estimate 
the applicability of hyaline for diagnosing the cause and 
rapidity of death. 

Cases and methods 

Case selection 

We retrieved case documents and microscopic slides of 
the spleen from the archives of the Department of Forensic 



Medicine and Molecular Pathology, Kyoto University 
Graduate School of Medicine, Japan, from October 2009 to 
April 2011. The cases were selected based on the availabil- 
ity of archival slides rather than consecutive autopsies. A 
total of 157 cases were available, of which 88 had micro- 
scopic slides of the spleen. Six cases were excluded due to 
inappropriate preparation of the slides. Characteristics of 
the remaining 82 cases are shown in Table 1. 

Fifty-two patients (63.4%) were men, and 30 (37.6%) 
were women. The cases were divided into 4 categories: 
rapidly fatal cases, presumed rapidly fatal cases, non- 
rapidly fatal cases, and cases with unknown cause of 
death. Twenty-six cases were categorized as rapidly fatal 
cases that progressed to death less than 1 hour from the 
onset of the fatal event. Rapidity was determined based 
on the presence of a credible witness or document. 
Possible cases of rapid progression without credible 
evidence (n = 17) were categorized as presumed rapidly 
fatal cases instead of rapidly fatal cases. The remaining 
cases were categorized as non-rapidly fatal cases (n = 35). 
The cases with unknown cause of death were excluded 
from statistical analyses (n = 4). 

The cases were also divided into 5 groups according to 
age and into 7 groups according to cause of death. The 
trauma group consisted of hemorrhagic shock (n = 10), 
head injury (n = 7), and thoracic injury (n = 1); the circu- 
latory disease group consisted of coronary artery disease 
(n = 7), non-ischemic heart disease (n = 6), and stroke 
(n = 2); the other internal disease group consisted of 



Table 1 Characteristics of study groups 





All cases 


Rapidly fatal cases 


Presumed cases 


Non-rapidly fatal cases 


Unknown cause cases 


Sample size 


82 


26 


17 


35 


4 


Man/Woman 


52/30 


18/8 


11/6 


21/14 


2/2 


Age groups 












< 19 years 


14 


6 


4 


3 


1 


20-39 years 


1/ 


2 


/ 


7 


1 


40-59 years 


18 


8 


2 


8 


0 


60-79 years 


28 


10 


4 


13 


1 


80 years < 


5 


0 


0 


4 


1 


Mean age ± SD 


47 ±25 


46 ±24 


36 ±24 


53 ±25 


47 ±39 


Median PMI (hr) 


41.0 


35.5 


30.0 


47.0 


35.5 


Causes of death 












Traumas 


18 


9 


3 


6 




Circulatory diseases 


15 


6 


9 


0 




Other internal diseases 


14 


1 


3 


10 




Hypo-, Hyperthermia 


14 


1 


0 


13 




Drowning & Asphyxia 


11 


9 


2 


0 




ntoxication 


6 


0 


0 


6 




Unknown 


■-1 











SD, indicates standard deviation; PMI, postmortem interval. 
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infection (n = 10) and gastrointestinal disease (n = 4); 
the hypo- and hyperthermia group included 14 cases, 8 
hypothermia and 6 hyperthermia; and the drowning 
and asphyxia group included 11 cases, 6 drowning and 
5 asphyxia. The cause of death was concluded by forensic 
pathologists (H.K. and K.T.) based on overall evidence 
composed of the course of events and circumstances, ex- 
ternal and internal autopsy findings, microscopic exami- 
nations, and toxicological and biochemical analyses, as 
well as the exclusion of other causes of death. This study 
was conducted within the framework of the Ethics Com- 
mittee of Kyoto University. 

Histopathology 

A single histological section from each spleen was exam- 
ined. The tissues were fixed in 10% neutral buffered forma- 
lin for approximately 1 month, embedded in paraffin, 
serially cut at 3 \im, and routinely stained with hematoxylin 
and eosin stain (HE stain) and Azan stain [20,21]; vessel 
hyaline was assessed throughout the entire section. Hyaline 
was defined microscopically as a homogeneous, translu- 
cent, eosinophilic thickening of the intima on HE stain [2]. 
Central arteries and penicillar arterioles were examined, 
but trabecular arteries and capillaries were not [26,27] . Sec- 
tions with one or more affected vessels were considered 
positive. We referred to the hyaline observed in those ves- 
sels as splenic arteriolar hyaline in this study. Although the 
tunica media and the elastic lamina of the vessels showed 
variable staining with Azan, their appearance was not taken 
into account. The assessment of hyaline was performed 
with a blind review of the cases by a pathologist (H.K.). 

Statistical analyses 

The statistical relationships between the positive ratio of 
splenic arteriolar hyaline and age, cause of death, and 
rapidly fatal cases were analyzed with analysis of vari- 
ance. The Cochran-Armitage test and logistic regression 
model were used to assess trends in age. Ryan's multiple 
comparison test was used for analysis of the relationship 
with cause of death, and the contingency test was 
used to determine the relationship with rapidly fatal 
cases. P values less than 0.05 were considered statisti- 
cally significant. The diagnostic accuracy of hyaline for 
rapidly fatal cases was estimated based on sensitivity, 
specificity, positive predictive value, and negative pre- 
dictive value. All statistical analyses were performed 
using R software for Windows, version 2.14.1. 

Results 

Tinctorial patterns of splenic arteriolar hyaline and their 
frequencies of appearance 

Hyaline changes in splenic arterioles on HE staining 
appeared as amorphous, translucent, eosinophilic thick- 
ening of the intimas as shown in the upper panels of 



Figure 1A. Meanwhile, Azan staining turned each hya- 
line 1 of the 3 following tinctorial patterns, as shown in 
the lower panels: red, blue, and a combination of the 2 
colors. These hyaline changes affected either the entire 
circumference of a vessel at a given level or only a part 
of the circumference; both were counted as positive ves- 
sels. We investigated the appearance frequencies of each 
tinctorial pattern in all 82 cases prior to the evaluation 
of clinicopathological characteristics (Figure IB). Fifty- 
four (65.8%) cases demonstrated 1 or more positive ves- 
sel. Of these vessels, the red pattern was found in 30 
(36.6%) cases, the blue pattern in 38 (46.3%), and the 
combination in 35 (42.7%). The 3 patterns coexisted in 
the following proportions in each tissue section: all 3 
patterns in 15 (18.3%) cases and 2 patterns in 20 
(24.3%). Meanwhile, some cases demonstrated only 1 
pattern: 9 (11.0%) cases with the red and 10 (12.2%) with 
the blue pattern. No case demonstrated only the com- 
bination pattern, which was excluded from the following 
clinicopathological analyses due to its admixed nature. 

We compared postmortem intervals (PMIs) between 
the cases with the only blue pattern and only red pattern 
to evaluate whether PMI leads to changes in staining 
patterns. The PMI of cases with the only blue pattern 
ranged from 11 to 240 h, with a mean interval of 63.7 h. 
The only red pattern was found in cases with PMIs ran- 
ging from 28 to 192 h, with mean interval of 58.6 h. In 
addition, PMIs of cases with both staining patterns in 
each tissue section ranged from 17 to 240 h. These 
results indicate that PMI did not lead to changes in 
staining patterns. 

The relationship of age with the blue and red patterns 

We investigated the appearance frequencies of the blue 
and red patterns in groups stratified by age, as previous 
studies have reported that the incidence of hyaline 
change increases with age [3-5,28]. The results are sum- 
marized in Figure 2. Thirty-eight cases demonstrated the 
blue pattern, including 25 men and 13 women, with a 
male to female ratio of 1.92:1. Cases ranged from 29 to 
91 years old, with mean and median ages of 57.1 and 
60.0 years, respectively. The blue pattern was not found 
in the younger age group and was increasingly frequent 
with age, as in previous studies (Figure 2, left column) 
(P < 0.01, Cochran-Armitage test and logistic regression 
model). Meanwhile, 30 cases demonstrated the red 
pattern, including 22 men and 8 women, with a male 
to female ratio of 2.75:1. This pattern was found in 
cases ranging from 18 to 90 years old, with mean and 
median ages of 50.0 and 52.5 years, respectively. Unlike 
the blue pattern, the appearance frequencies did not 
significantly differ across age groups (Figure 2, right 
column) (P = 0.71, Cochran-Armitage test and logistic 
regression model). 
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Figure 1 Characteristics of splenic arteriolar hyaline with Azan stain. A: Representative images of 3 tinctorial patterns (upper panels, HE 
stain; lower panels, Azan stain; scale bars: 50 urn). Similar hyaline depositions on HE stain present 3 different staining patterns with Azan stain: red, 
blue, and a combination of the two. B: The number of cases demonstrating each tinctorial pattern among 82 forensic autopsy cases. The 3 
patterns coexisted in various proportions in each case. 



The relationship of cause of death with the blue and red 
patterns 

Next, we investigated the appearance frequencies of the 
blue and red patterns in each group stratified by cause 
of death to elucidate the applicability of these patterns 
to the diagnosis of cause of death in forensic autopsy. 
The results are summarized in Figure 3. 



The relationship of the blue pattern to causes of death 
is shown in Figure 3, left column. This pattern was 
found in all causes of death: hypo- and hyperthermia 
(64%, 9/14), trauma (61%, 11/18), circulatory disease 
(47%, 7/15), drowning and asphyxia (45%, 5/11), intoxica- 
tion (33%, 2/6), and other internal diseases (14%, 2/14), in 
order of descending frequency. Ryan's multiple comparison 



I positive □ negative 




Figure 2 The number and frequency of cases demonstrating the blue and red pattern in each age group. The black bar indicates the 
number of positive cases; white bar indicates negative cases. The positive ratios of blue and red pattern in each group are described at the left 
and right side of each bar, respectively. The blue pattern was increasingly frequent with age (* P < 0.01 , Cochran-Armitage test and logistic 
regression model), while the red pattern was unrelated to age. 
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■ positive □ negative Cause of Death 




20 15 10 5 0 Number 0 5 10 15 20 



Figure 3 The number and frequency of cases demonstrating the blue and red pattern in each cause-of-death group. The black bar 
indicates the number of positive cases; white bar indicates negative cases. The positive ratios of blue and red pattern in each group are 
described at the left and right side of each bar, respectively. The red pattern appeared with significantly higher frequency in the circulatory 
diseases and drowning and asphyxia groups, and with low frequency in the remaining 4 groups (*P < 0.01 vs. hypo- and hyperthermia, trauma, 
and other internal diseases; #P < 0.01 vs. trauma and other internal diseases; Ryan's multiple comparison test). By contrast, the blue pattern was 
unrelated to cause of death. 



test did not indicate a significant difference in appearance 
frequencies between any 2 cause-of-death groups. 

The relationship of red pattern to causes of death is 
shown in Figure 3, right column. Unlike the blue pat- 
tern, this pattern exhibited different frequencies of ap- 
pearance across the cause of death groups. The groups 
were classified into 2 categories according to the high or 
low appearance frequency of the red pattern. The cat- 
egory with high frequency of the red pattern contained 2 
cause-of-death groups: circulatory disease (80%) and 
drowning and asphyxia (73%). The category with low 
frequency of the red pattern consisted of the remaining 
4 groups: intoxication (33%, 2/6), hypo- and hyperther- 
mia (21%, 3/14), trauma (17%, 3/18), and other internal 
diseases (14%, 2/14). Ryan's multiple comparison test 
revealed that the positive ratio of the circulatory disease 
group was significantly higher than those of the hypo- 
and hyperthermia, trauma, and other internal disease 
groups (P < 0.01), and the positive ratio of the drowning 
and asphyxia group was also significantly higher than 
those of the hypo- and hyperthermia group and the 
other internal disease group (P < 0.01). 

Even in the 4 groups demonstrating a low positive 
ratio of the red pattern, 10 positive cases were observed. 
Half of them were categorized as rapidly or presumed 
rapidly fatal cases: one 18-year-old athlete due to hyper- 
thermia, 3 trauma cases due to falling without fatal 
bleeding, and one 35-year old man with myocarditis. 
The other 5 positive cases in these groups were categor- 
ized as non-rapidly fatal cases. One demonstrated many 
positive vessels, but the remaining 4 cases possessed 
only 1 or 2 positive vessels. 

Analysis of the cases negative for the red pattern 
revealed that 2 populations lacked this pattern. One was 



the cases of hemorrhagic shock (n = 10) in the trauma 
group. The other was younger patients: all asphyxia 
patients under 3 years of age (n = 3) and 2 of the 3 
young patients (12 and 29 years old) in the circulatory 
disease group. 

The correlation of tinctorial pattern with rapidity of death 

The previous analyses demonstrated different character- 
istics in the appearance of the blue and red hyaline. Blue 
hyaline was increasingly frequent with age and unrelated 
to cause of death, while red hyaline was unrelated to age 
and demonstrated different appearance frequencies 
according to cause of death. The groups with high fre- 
quency consisted of the circulatory diseases group and 
the drowning and asphyxia group, which generally have 
a tendency to progress rapidly. Indeed, 25 of 30 cases 
with red hyaline were categorized as rapidly fatal death 
or presumed rapidly fatal death, while only 18 of 48 
cases without red hyaline were categorized into those 2 
groups (P < 0.05, X 2 contingency test). Therefore, we 
hypothesize from these results that the tinctorial pat- 
terns may be applicable to assessing the rapidity of 
death. The appearance frequencies of the 2 patterns 
were evaluated in each of the following groups (Figure 4): 
rapidly fatal death, presumed rapidly fatal death, non- 
rapidly fatal death, and a combination of rapidly fatal 
death and presumed rapidly fatal death. 

The blue pattern exhibited similar frequencies across 
the groups (Figure 4A): rapidly fatal death (38%, 10/26), 
presumed rapidly fatal death (53%, 9/17), combination of 
rapidly and presumed rapidly fatal death (44%, 19/43), 
and non-rapidly fatal death (49%, 17/35). The frequency 
in the rapidly, presumed rapidly, and combination of rap- 
idly and presumed rapidly groups was not significandy 
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Rapidly & 
presumed rapidly 



Non-rapidly 



B: Red 




Rapidly 



Presumed rapidly 



Rapidly & 
presumed rapidly 



Non-rapidly 



Rapidly excluding 
HS, <12y 



Figure 4 The frequency of cases with (A) the blue pattern and 
(B) the red pattern in each group divided according to rapidity 
of death. Rapidly indicates rapidly fatal cases; presumed rapidly, 
presumed rapidly fatal cases; rapidly & presumed rapidly, 
combination of rapidly and presumed rapidly fatal cases; non- 
rapidly, non-rapidly fatal cases; HS, hemorrhagic shock cases; < 1 2 y, 
cases under 12 years of age; black box, positive cases; white box, 
negative cases. (A) The blue pattern did not significantly differ in 
appearance frequency across the categories. (B) Compared to non- 
rapidly fatal cases, the red pattern appeared with higher frequency 
in the rapidly and/or presumed rapidly cases, especially excluding 
hemorrhagic shock cases and those under 1 2 years of age ( + P < 0.05, 
"P < 0.01 vs. non-rapidly fatal death; x~ contingency test). 



higher compared to that of the non-rapidly fatal cases 
(P> 0.05, ;f 2 contingency test). By contrast, the red pat- 
tern exhibited different frequencies across the groups 
(Figure 4B). This pattern was found in only 14% (5/35) 
of non-rapidly fatal cases, but found in 58% (15/26), 
59% (10/17), and 58% (25/43) of the rapidly, presumed 
rapidly, and combination of rapidly and presumed rapidly 
fatal cases, respectively. Statistical analysis revealed that 
the frequency of the red pattern in the rapidly, presumed 
rapidly, and combination of rapidly and presumed rapidly 
fatal cases was significantly higher than that in the non- 
rapidly fatal cases (P < 0.01). 

Even among the rapidly fatal cases, 11 cases lacked 
the red pattern (Figure 4B, white box in top bar). A no- 
ticeable characteristic of these cases was that most 
cases (9/11, 82%) belonged to the 2 categories that 
contained no positive cases: hemorrhagic shock and 
children under 12 years of age. Thus, these 2 groups 
were deemed not to show the red pattern in any situ- 
ation. When these 2 groups were excluded from the 
analysis, the appearance frequency of the red pattern 
rose to 88% (15/17) (Figure 4B, bottom bar). 

To evaluate the applicability of the red pattern to 
assessing the rapidity of death, we calculated its sensitiv- 
ity, specificity, positive predictive value, and negative 
predictive value in each of following groups (Table 2): 
rapidly fatal death, combination of rapidly fatal death 
with presumed rapidly fatal death, and rapidly fatal death 
excluding the cases with hemorrhagic shock and those 
under 12 years of age. Similar results were obtained for 
the former 2 groups in each index: sensitivity, 57.7% and 
58.1%; specificity, both 85.7%; positive predictive value, 
75.0% and 83.3%; and negative predictive value, 62.5% 
and 73.2%. When we calculated these indices in the rap- 
idly fatal cases excluding hemorrhagic shock or under 12 
years of age, sensitivity and negative predictive value 
rose to 88.2% and 92.6%, respectively. 



Discussion 

The present study revealed that blue Azan-stained hya- 
line in splenic arterioles is increasingly frequent with 
age, and red Azan-stained hyaline is found frequently in 



Table 2 Diagnostic accuracy of red pattern for rapidity of the death 



Group 


Sensitivity 


Specificity 


Positive predictive value 


Negative predictive value 


vs. non-rapidly 


(95% CI) 


(95% CI) 


(95% CI) 


(95% CI) 


Rapidly 


57.7% 


85.7% 


75.0% 


73.2% 




(0.369 to 0.766) 


(0.697 to 0.952) 


(0.509 to 0.913) 


(0.571 to 0.858) 


Combination of Rapidly and Presumed-rapidly 


58.1% 


85.7% 


83.3% 


62.5% 




(0.421 to 0.730) 


(0.697 to 0.952) 


(0.653 to 0.944) 


(0.474 to 0.760) 


Rapidly excluded HS, < 12 yrs 


88.2% 


83.3% 


75.0% 


92.6% 




(0.636 to 0.985) 


(0.653 to 0.944) 


(0.509 to 0.913) 


(0.757 to 0.991) 


C7, indicates confidence intervals; HS, hemorrhagic shock cases; <12 yrs, cases 


under 12 years of 


age. 
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cases of circulatory disease and drowning and asphyxia. 
Many previous studies have reported that the incidence 
of hyaline change increases with age [3-5,28], similar to 
the blue pattern shown in our study. Since those 
researchers used mainly periodic acid-Schiff (PAS) as a 
histochemical method to observe hyaline, their hyaline 
may have been stained blue if they had alternatively used 
the Azan stain. The blue color on Azan staining gener- 
ally indicates that hyaline has formed gradually over pro- 
longed periods [18-21], consistent with our observation of 
the blue pattern more frequendy in older age groups in 
the present study. The association between this type of ar- 
teriolar hyaline and atherosclerotic change/consequences 
prevalent in elderly has been investigated previously 
[29-31]. Plesea et al. revealed that areas of hyaline ma- 
terial in the vascular wall are points of low resistance, 
and therefore possible site of wall rupture in the case 
of abrupt increase of blood pressure, resulting in 
hypertensive intracerebral hemorrhage [31]. 

The red color on Azan staining was unrelated to age 
and was found frequently among rapidly fatal cases such 
as the circulatory disease group and the drowning and 
asphyxia group. This color is principally reflected by fi- 
brin contained within hyaline change [18-21]. The fibrin 
is generated due to activation of the coagulation cascade 
and can be formed in a short time. That is, the red pat- 
tern on Azan staining indicates the presence of fibrin in 
hyaline change, suggesting that the hyaline was recently 
generated. Therefore, the red pattern described in our 
study was likely generated just prior to the fatal accident, 
leading to its frequent appearance in the rapidly fatal 
cases. Unlike previous reports, this study was designed 
for forensic autopsy cases and contains many rapidly 
fatal cases. This characteristic of the study population 
may have led to the discovery of the new significance of 
the red pattern in autopsy. 

Arteriolar hyaline change has been assumed to derive 
from plasma protein leakage across injured endothelial 
cells generated as a result of a general process, probably 
hemodynamic, e.g., hypertension, rather than as a conse- 
quence of any particular disease state [2,6,9,10,12]. This 
generation process is consistent with our observation of 
the red hyaline among all cause-of-death groups, al- 
though our results also seem to have an association with 
circulatory diseases. Feigin et al. investigated the signifi- 
cance of the hyaline colors of cerebral arteries using the 
tinctorial properties of the Azan stain as in our study 
[18]. These authors termed red hyaline "the fibrinoid 
form of hyaline" and reported that the form was most 
specifically related to hypertension and frequently 
observed in cerebral hemorrhage. The red pattern in our 
study is equivalent to Feigin's "fibrinoid form" and was 
probably produced through endothelial damage due to 
rapid elevation of blood pressure induced by stress 



immediately prior to death. The central arteries and 
penicillar arterioles of the spleen were the vessels exam- 
ined in this study. These vessels are among the terminal 
arterioles distributed throughout the body. However, we 
could not identify the same lesion in any other organs 
despite detailed microscopic examination. The distinct- 
ive vascular network of the spleen [26,27] may influence 
the formation of the red pattern. A further examination 
of the mechanism for the formation of the red pattern is 
beyond the scope of the present report, but will be of 
interest for future studies. 

This study demonstrates that the red pattern of Azan 
staining may help pathologists determine the cause of 
death. Distinguishing hypothermia from acute coronary 
syndrome as the cause of death after cold exposure is 
occasionally difficult in practical situations because no 
established pathological findings of death from acute 
coronary syndrome within several hours are available. 
However, when splenic arteriolar hyaline shows the red 
pattern with Azan staining, we can infer that the cause 
of death is acute coronary syndrome rather than 
hypothermia, because the frequency of the red pattern is 
significantly higher in circulatory diseases compared to 
hypothermia (Figure 3, right column). Although the de- 
termination of the cause of death should be, of course, 
based on overall evidence, our results could provide a 
diagnostic clue in a challenging case to pathologists. 

The presence of red pattern, although not very sensi- 
tive, was highly specific (85.7%) to rapidly fatal cases in 
this study. We examined a single splenic section from 
each patient, and the use of 2 or more sections could in- 
crease its sensitivity. However, examination of multiple 
sections is not a practical method. To increase the sensi- 
tivity, we propose that cases of hemorrhagic shock and 
those under 12 years of age be excluded from this as- 
sessment of the rapidity of death using the red pattern, 
because these cases did not show the pattern even when 
they presented a rapidly fatal course. When these cases 
were excluded from the evaluation of diagnostic accur- 
acy of the red pattern for rapidity of death, each index 
increased, as shown in Table 2. The reason for these 
cases failing to demonstrate the pattern is not clear. How- 
ever, the reduction of blood volume due to hemorrhage 
may interfere with a rapid elevation of blood pressure, and 
the mechanism of autoregulation in children may over- 
come hypertension [32]. 

The combination of the 2 colors shown in Figure 1A 
was excluded from detailed analyses in this study. The 
presence of this pattern did not significantly differ across 
age or cause-of-death groups (data not shown). This pat- 
tern is not useful in practical situations because it probably 
reflects a mixture of other patterns such as intermediate 
stages from the red to the blue pattern, in which materials 
from different stages coexist and the staining reactions are 
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mixed. The limitations in our study are (1) a small number 
of cases from a single institution, (2) reliance on the pres- 
ence of a witness or document for the determination of 
rapidity of death, and (3) no examination for the com- 
ponents of red Azan-stained hyaline. However, to our 
knowledge, this report is the first to estimate the ap- 
plicability of splenic arteriolar hyaline for diagnosing 
the cause and rapidity of death. 

Conclusions 

The estimation of hyaline deposits in the central artery 
and penicilli of the spleen, and specifically the red pattern, 
with Azan staining in adult cases without hemorrhage is 
useful for the diagnosis of rapidly fatal cases. 
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